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ABSTRACT MOA Memorandum of Agreement
NASA  National Aeronautics and Space
The National  Aeronautics  and Space Administration
Administration (NASA) is addressing airport capacity NOAA  National Oceanic and Atmospheric
enhancements during instrument meteorological Administration

conditions through the Terminal Area Productivity RSO Reduced Spacing Operations

(TAP) program. Within TAP, the Reduced SpacingTAP Terminal Area Productivity

Operations (RSO) subelement at the NASA LangleyTASS Terminal Area Simulation System

Research Center is developing an Aircraft VortexTRACON Terminal Radar Approach Control

Spacing System (AVOSS). AVOSSIMi ntegrate the

output of sevelanter-related area® fproduce weather INTRODUCTION

dependent, dynamic wake vortex spacing criteria.

These areas incled aurrent and predicted weather Air travel delay and traffic congestion at major airports,
conditions, models of wake vortex transpartiakecay  projected increases in air travel, and environmental
in these weather conditions, real-time feedback of wakeestrictionson new airport construction, together with
vortex behaviod from sensors, ral operationally associated costs to the tramglipubic and to the ar
acceptable aircraft/wake interaction criterim today’s  carriers, have led to an increased interest in maximizing
ATC system, the AVOSS could inform ATC the dficiency of the national airspace systemThe
controllers when a fixed reduced sepamatbecomes National Aeronautics and Space Administration
safe to apply to “large” and “heavy” aircraft categories.(NASA) is responding to this intefeghrough its
With appropriate integration into the Center/TRACON Terminal Area Productivity (TAP) program. The major
Automation System (CTAS), AVOSS dynamic spacinggoal of the TAP program i®tdevelop the technology,
could be tailored to actual generator/follower aircraftduring instrument meteorological conditions, which

pairs rather than a few broad aircraft categories. allows air traffic levels to approacor equa levels
presently achievable onlduring visual operations.
ACRONYMS Presently, a degradation in weather conditions which
causes a loss of visual approach capsbiiégrades
ATC Air Traffic Control capaciy due © numerous factors These factors
AVOSS Aircraft Vortex Spacing System include reducing the number of available runways and
CTAS  Center/TRACON Automation System the longitudinal wake vortex separation constraints
DOT Department of Transportation usa by air traffic control (ATC) in the spacg o
FAA Federal Aviation Administration aircrat to a runway Two major initiatives under TAP
ILS Instrument Landing System are tle enhancements of basic ATC automation tools
ITWS Integrated Terminal Weather System and the development of a wake vortex spacing system
MIT Massachusetts Institute of Technology to improve terminal a&a dficiency and capacity The

NASA Ames Research Center is developing
* Manager, Reduced Spacing Operations. Associatenhancements to the base Center/TRACON

Fellow AIAA. Automation System (CTAS) This automation will
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The Reduced Spacing Operations (RSO)this matrix to an automated ATC system such as CTAS
subelement of TAP,tahe Langley Research Center, is describel by Erzberget et al Capaciy gains ca be
developing the Aircraft Vortex Spacing System expecté dwe to considerig bah wake transport and
(AVOSS) which is described by HintonThe purpose decay, and atsby providing a large matxi of aircraft
of the AVOSS is to integrat aurrent ad predicted pair separations to ATC automation rather than just the
weather conditions, wake vortex transpomidadkecay three category system utilized in today’s system.
knowledge, wake vortex sensor datad aoperational The wake separation constraints will be delivered
definitions of acceptable strengths for vortexto the aitomated ATC system with adequate lead time
encountersa produce dynamic wake vortex separationand stability © be used in the process of metering and
criteria. By considering ambient weather effects onspacing Final approach aircraft spacing ynabe
wake transport rad decay, the wake separation establishd 5to 10 minutes prior to landing, while the
distances aa be decreagk duing appropriate periods metering ra@ & which aircraft a¢ acceted into the
of airport operation With the gpropriate interface to TRACON is established earlier. 8@ a arrent
CTAS, spacing aa be tailored to specific weather observation will frequently not reflect the wake
leader/follower aircrdf types rather than just a few situaton 5to 50 minutes in the future, an effective
broad weight categories of aircraftn a manual ATC AVOSS must utilize short-term weather predictions
system, a simplified form of the AVOSS concept may(nowcasting) @ provide the lead time required for

be used to inform ATC when a fixed alternate, reducedncreasing terminal aa caacity. Although
wake separation standbbecome safe for the “large” AVOSS/CTAS interface simulations have not yet been
and "heavy” aircraft categories. performed, the concept currently envisions a zero to 15

The AVOSS development program has as itsminute weather predicin being wsed to establish
target a fiel demonstratbn d a prototype AVOSS individual aircraft pair spacing for final approach and a
system in the year 2000To suppot this goal, current 30 to 60 minute predicthn being used to regulate the
plans include three increasingly complex AVOSS fieldrate & which aircraft a¢ acceted by the TRACON
deploymentsd be mnducted aithe Dallas-Fort Worth  facility from enroué drspace This nowcasting
International Airport. This paper describes the AVOSScapability, coupled with CTAS and the AVOSS
concept ad development program, the related wakepredictor capability, will ensure that adequate aircraft
vortex modeling effort, the wake voxtehazard are available for approach when minimal spacing is
definition studies, and the wake vortex sensorgossibé and the arival rate is reduced when larger
development. spacing is required to avoid inefficient low altitude path

stretching ad hdding. This weather predictive
AVOSS CONCEPT requirement will drie dl efforts in the development
areas of meteorological sensors and system

AVOSS is envisioned as an autonthtprocess architecture The aitomated nowcasting elenteis an
which combines meteorological data, rules describingmportant difference between the AVOSS concept and
the atmospheric modification of wakes, and aircraft andarlier concepts that proposedl utilize only real-time
airspace operational procedures frovide dynamic surface weather observations to regulate final approach
wake vortex separation constraints to ATCThe  spacing.

AVOSS system concept by Hinton borrows from A number of ground rules will be followed during
previous efforts conducted in the 1970's by EBeste the AVOSS development. The development effort will
al. The philogphy kehind the AVOSS system is to be focusd ona practical system that mee gproved
avoid aircraft encounters Wit vortices aboe a  for operational useThis will require alarge degree of
"operationally acceptable strendthThis avoidance is robustness, reliance on readily available meteorological
obtained through considerati o two factors, wake and wake sensors, graceful system degradation when
vortex motion away from the flight path of a following sensors or subsystems fail, and cost realism. The safety
aircraft and wake vortex decay. Since these factors agrovided must & equd to or greater than # arrent
highly dependent on ambient meteorological system The AVOSS will not requ& an incremehin
conditions, as well as the generating aircraft positiorpilot skill levels or training requirements, nor any
and type, the wake vortex constraints on aircrafaircraft structural or on-board systems modifications.
separation & expected ¢ vary significantly with the The AVOSS will not alter current pilot functions nor
weather The AVOSS will quantify the wake chang arborne/ground responsibiliies ATC
separation required for generator/follower aircraft pairscontrollers will not be required to monitor or predict
during final approach, or the initial climbpé provide  weather conditions During peak traffic demand
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periods, however, efficient “vortex-limited” spacing airplanes from larg arcraft wakes. The AVOSS will
operations may require special ATCr oflight  require improvements in the current state of knowledge
procedures compatible with current ilsklevels. of wake behavior i ground effect, meteorological
Examples may incluel executng ory straight-in  predictions, and wake/aircraft interaction.
Instrument Landing System (ILS) approachesl ao The derivatbon o the approach corridor
intentional operations above the glide slope by “large'dimensions was described by Hinton in 1995, refined in
r “heavy” category aircraft Finally, the AVOSS Hinton', and depicted in Figure 1.These dimensions
systen must provice ameaningfliincremenin airport  will likely be further refind basal on industry and
capaciy during mog instrument meteorological FAA inputs as the system is developed and
conditions ad nd redwe caacity during visual demonstrated. The departure corridor shape has not yet
meteorological conditions. been defined and w likely only include lateral
AVOSS will provide a time-based matrix that separathn dwe to the wide variation in climb angle
provides only the wake vortex constraint for abetween different aircraft.
leader/follower aircraft pair The atomation/ATC
interface will combine this constraint with other factors
including rada resoluton o aircraft position and
runway occupancy time d determine te adual Gndesmpg/'/ I
approach spacing For maximum efficiency with an
automated ATC system, the vortex spacing constraint Approach Side View
will be dependent on individual airctdéader/follower
pairing, although the matrix calilbe reduced in real ——

200 feet

Approach Corridor Floor

time to thke arrent “small,” “large,” and “heavy” Runway  Middle Marker
H Approach Corridor Lateral Limits
categories for use .by a mgnuall ATC system. Approach Plan View
Automation interface issue® te investigatd during Localizer
the developmeninclude required controller interface I___ """" O """"""""""""" 1000feet

and displays, controller acceptance, maximum spacing  300feet \l

update rates,nal owerall system stability wht dynamic
spacing.

An important aspect of AVOSS is thd is not
intended ¢ be afix to any perceived safgt problems,
nor is it intended for routine asa all airport facilities.
The AVOSS purpose is to imprewarport capacity at
major facilities that are capacity limited and that will be
equipped with ATC automation taolsich as CTAS,
and state-of-the-art meteorological systemnch as the
Integrated Terminal Weather System (ITWS)his
focus on capagit has grong implications for the
development of AVOSS. For example, the wake sensor
will not be required d detet¢ the weak wakes from
“small” category aircraft, ste arrent separation rranenor & Decay
standards behind thesdrcraft are drive by runway
occupancy time rather than wake vortex separation
Likewise, the interactin between small aircraft and

- Predict Hazard
& Weather
. Subsystem
wakes mg not be modeled in the initial AVOSS since

T
small aircraf typically contribute a small percentage of Subsystem

the traffic during capacity limitk periods at major " Locare

airports Under those traffic mix conditions, retaining - Quantify

current separation standards for small aitcraf the

subset of weather conditions that stall vortices in the

approach corridor shadilhave little impacton owerall Figure 2. AVOSS Subsystem Architecture
airport capacity levels Thee onsiderations have led

to an AVOSS development activity thss ssmewhat

different from traditional efforts ot protect small

Figure 1. AVOSS Approach Corridor Dimensions

The AVOSS subsystem architectue siown in
Figure 2. Eale of the AVOSS subsystem areas will be
described in turn.

Prediction
Subsystem

TRACON
Automation
_} Adaptive Separation

- Tactical Safety
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Prediction Subsystem variable winds, such as wallbe expectal near air-
The @re of the AVOSS system is the prediction mass type thunderstorms, the uncertainty values may be
subsystem The predictor will utilize weather data, an quite large. In this environment, AVOSS will prescribe
aircraft data baseotpredid the initial wale and the conservative spacing with a maximum alequd to
threshotl of wake vortex strength for an acceptablecurrent separation rules. The weather subsystem will
encounte (acceptable strenigt definition), airport utilize several available resources, including existing
configuraton data, and wake senséeedback. Using and gannal products from the FAA's ITWS program,
weather data for currentnd projected times, at a off-the-shelf acoustic sodarsr aadar profilers, and
number of "windows" along the path, the predictor willadvancd numeric modeling techniques under
compute both the time required for vortices from eactdevelopment.
aircrat to clear the AVOSS corrido(transpot time)
and the epected time d decay to an acceptable Sensor Subsystem
strength (decay timefor each follower aircraft At The wake vortex sensor subsystem is included for
each window, the lesser of either the transport or decaseveral purposes Operationatest and evaluain o
time will be taken as the wake spacing constraint at thany particular AVOSS installation will requér awake
point For each aircraft pair, the recommended finalsensor ¢ validate the performance of the weather and
approach walx mnstraint will be the largest of the predictor subsystems that airport Once operational,
wake nstrain times from the various windows. the wake sensor would be used to continuously monitor
Appropriate uncertaigt buffers will be gplied to the actual wake behavior and compare to the prior
predictions to accommodate weather uncertainties, gwedictions In namal operations, # atual wake
well as expected aircraft flight total system error on thebehavior should fall close to the prediction and well
approab path A number of efforts are underway to inside the uncertaiptbuffer times provided to ATC.
develop the prediction subsystem, includingWhen actual behavior beginso t deviate from
development ad validation o two-dimensional and predictions, the wake sensteedback to AVOSS wiill
three-dimensional wak and gdanetay boundary layer be used to refim drcraft spaang prior to any aircraft
simulation codes, field studies validate the numeric encountering an unsafe wake remaining in the corridor.
codes and implementhe infrastructure required for In the event of a wake unexpectgdpersisting much
AVOSS testing ad demonstration, and simulation and longer than expected, the wake sensor inpuATC
flight ted to gquantify the interactin ketween aircraft would be used @ provide a go-around to the next

wakes and following aircraft. aircraft and increase subsequent spacir@bviously
this last situation must be extremely rak secondary
Weather Subsystem use of a wake vortex sensor is that some of the potential

The weather subsystem is crucia the AVOSS. technologies can asprovide hgh quality approach
This subsysten must provide detailed wind, vertical corridor wind information to the AVOSS predictor
wind shear, turbulence, and temperature gradiergystem.
information to the prediction subsystem foe tturrent The basic requirements for a wake vortex sensor
time and for times up to an hour in the futuréfhe are b detect, locate, ad quantify the strendt of
weather subsystem should anticipate boundary layeaaircraft wake vortices The sensor shodlperform this
changes associated with sunrise and sunset, and provifiection in clear weather as well as in low ceiling and
discrete information to AVOSS when the atmosphere ivisibility conditions compatible with the instrument
abou to be modified by frontal passages or other approach minima for # arport facility. The sensor
phenomena The AVOSS is not attempting tpredict  should protect the critical region of the approach, which
how a particular vortex will behave 30 minutes in thebegins near the airctabuchdown zone and extends to
future Instead, the predictosistting the bounds of a distance of approximately two miles from the runway.
expecte vortex behavior given thiathe supporting This definiton o the aitical region will be refined
weather predictions will have some uncertainty/ind  during development, but muasinclude that region
values and their confidence boundaries will bewhere terrain and chamgi boundry layer
specified The predictor will use these uncertainty characteristics make voreprediction most difficult,
values to estimat arange of wake behaviarsin a and where the potential danger of an error is
weather situation with moderately steady wind, forunacceptable A sensor that does not meet all of the
example, the uncertainty values may be small compareabove requirements mabe usefll in a subset of
to the wind, and accurate wake predictosould weather conditions, and the effectiveness of that sensor
result. In a weather situation with moderate but highlywould be evaluated with cost/beneditidies.
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NASA RESEARCH SUPPORTING AVOSS The NASA Langley wake vortex research required
DEVELOPMENT the aquisition d planetay boundary layer and wake
vortex data for the validatin o numerical models.
NASA is conducting a broad rangd pesearch, This element has been addressed through an agreement
both in-hous ad ou-of-house, to supporthe with MIT-Lincoln Laboratory which was initially
development of AVOSS In broad terms, AVOSS funded in eagt 1994 Within that year Lincoln
requires: 1) a knowledge of @hdaracteristics of designed, constructed,n@ deployed a van-mounted
vortices which are generatdy dfferent aircraft, 2) a 10.6 micron, continuous wavmheren lase (lidar),
predictive cgability for the dfects of weather on the equipped the Memphis International Airport with a 45
motion and decay characteristics of vortices from the meter meteorologiddower, sdl temperatue and solar
time & which they are generateurtil the arival of a  radiation sensors; and established agreements with the
following aircraft, 3 feedback from a sensor system toprime arcraft operators at Memphis to supply aircraft
suppot the vortex motion @ad decyy predictive landing weight data. An existing FAA/Lincoln facility
capability, and 4) criteria for determining when a wakewas usd by Lincoln to collect aircraft beacon and
is not a wmncen on the gproah path. Although flight plan data to identify each aircraft passing the
research in edicof thee aeas, or subsystems, will be lidar.
described separately, the results of the research will be  The National Oceani ad Atmospheric
integrated in the AVOSS system. Administration (NOAA) contributd by acquiring and
deploying a radar profiler and radio acoustic sounding
Numerical Fluid Dynamics/Atmospheric Modeling system as well as an acoustic sodar at Memphis in
The NASA Langlg numerical modeling effdris 1994 Volpe National Transportation System Center
expectedd provide key suppdrin the development of provided an acoustic sodar and the deployment of a line
the AVOSS system The Terminal Area Simulation of anemometers (wind line)ni 1995 Lincoln
System (TASS), a multi-dimensidnalarge-eddy conducté dedicated rawinsonde balloon launches
weather model by Proctdy and by Proctor and during the observations and NASA Langldeployed
Bowles, has been adapted to accomplish this goal. Than OV-10A aircrafto measue @amospheré conditions
TASS model was highly succeskfun the mompleted at spatially remote locations from the meteorological
NASA-FAA wind shear program as descudbéoy  site & the drport. The resulting system provided the
Proctof; and by Proctof et al., and more recepthas ~ most complete facility to date to simultaneously collect
been modified to include initialization routines for postwake vortex data, meteorological data, and aircraft data
roll-up simulations of aircraft wakes The model in an operational setting The deployments conducted
includes tle dfects of turbulene and gound stresses, are described in more detail by Campbeit al., Dasey
and is capable of simulating wake vortices within aand Heinrick§, and Campbéefl et al The daa and
wide range of atmospherienvironments that may operational experience gained at Memphid994and
include vertical wind shear, stratification, fog, and 1995 will be utilized to complete validation of numeric
precipitation. Otherecent modifications to the initial wake simulation models,otdevelop improved wake
and boundary conditions now permit simulations of theprediction algorithms, and to begin the engineering and
Earth's planetgr boundary layer, and including software buill of an engineering model AVOSS in the
thermals and turbulee aldies as descride by 1997 through2000 year time frame.
Schowaltef et al., and by Liti et al. This is a first step As in past studies conducted with the TASS model,
for investigating the interacth hketween three- it is very importah that all aspects of the model
dimensional wakes and atmospheric turbulendéne  simulations e compared ad validated wih observed
ultimate godis to inject three-dimensional wakes into data For the planetar boundary layer simulations,
realistic boundary layers accompanied by a spectrum ahean and turbulenceust profiles are being compared
scales for ambidnturbulence This will allow a full  again$ those measured in field studies. Results to date
understanding of how eddy scales effect wake transpohtave bee very encouraging Validation o the wake
and decay, for example, the determimati & which  vortex simulations are well underway as well
scales of turbuleze a¢ to decay wake vortices versus Recently, promising results have heeltained from
those that are most responsible for transport. Outpuwtomparing the two-dimensional veysi o TASS with
from the TASS modeling effort will be used for wake measured field data from the 1990 FAA Idaho Falls and
vortex characterization and for development of AVOSShe 1994 ad 1995 Memphis field experiments, as
predictive algorithms described by Procttr
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Wake Vortex Hazard Definition

A wake vortex that moves out of the traffic in the model seleain process

vortex encounter simulator whichrcée used to assist
The ecounter

corridor by the time the next aircraft passes through isimulation will employ results from NASA wind tunnel
not a hazard to that aircraftHowever, if the wake and flight experiments designed to examine dfiects
stalls in the trafft corridor or moves very slowly, the of wakes on representative aircraft configurations.

AVOSS must determine if the next aircraft can safely
and satisfactorily complete its interttleperation, even

The second major issua defining an acceptable
wake encounter is the determinati o the metric for

if it encounters the wake. This determination followssatisfactory terminal area operations. In the 1970’s and
the notion that a perfectly acceptable terminal ared980’s, several Ke piloted simulation studies were
operation mg be mmpleted with a wake in the traffic conducted by Sammon8§* et al., Jenkins and
corridor, e.g., for a “heavy” aircraft following a Hackett’, and by Hastings and Keys&rto oktain an
business jet or when conditions or time increment®stimate of the magnitude of vortex-induced motions

allow a wake @ decay to satisfactory leveld-or these
determine eth rrect
longitudinal spacing for the specific leader/follower perceivel by plots with

cases, the AVOSS will

that woutl be accetable near the ground These
simulations providé data on the wake vortehazard
repeatal@d encounter

aircraft pair bas# uponthe required characteristics of conditions, ad have providé preliminaly guidance

the wake for satisfactory passage through it.

into suitable metrics for satisfacyooperation that can

The alequate definiin o an acceptable wake be used for a wake voweéhazad definition. In these
encounter requires that three key issues be addressedsaisdies, the separati d occurrences it hazardous

depicted in Figure .3 First, tre dfect of the wake on
be with maximum roll or bank angle, proximity to the

the ecountering aircraft's trajectory must

and northazardous categories was found to correlate

determined by developing and validating aircraft/vortexground, vortex strength, andetterxcounter geometry.

interaction simulator models.

Second, the metricdHowever, there is no similar correlati onthe metrics

characterizing a satisfactory terminal area operationwhich woull define a satisfactory encounter, which

regardless of whether a wake is prasenthe traffic
corridor, must be definechiorder b determine if the
resultant wak eicounter trajectory is acceptable. example,

may not be quite the same as those for a non-hazardous
encounter and may also inchidonsideran o, for
passenger comfort, chance of missed

Finally, for the AVOSS system to realize its full approach, and runwaoccupancy times as additional
potential, a method must be devised for applying thestactors One wuld conclude thaif the metrics for a

operational metricsral validated models to thentire
commercial aircraft fleet.

APPLICATION VALIDATION

METRIC

Aircraft/Wake
Interaction

Resulting
Trajectories

Figure 3. Major Hazard Definition Issues

To address #h drcraft/wake vortex encounter

satisfactory terminal area operation able defined,
regardless of #h caise of a upset or deviation, then
the definiton o whether a wa& ecounter is
satisfactory will directly follow, given an assumed
model of the encounter dynamics, pilot, and autopilot.
Candidate metrics for satisfactory terminal area
operations could include limits on airptardtitude,
angula rates, flight pat deviations and th anount of
control required to corréc them, touchdown
requirements, and ride qualitySome of these limits
can be derived from the FAA certification regulations,
from manufacturer's aircraf limitations, ad caher
sources to augmernhe first-order estimates from the
previous piloted simulationsHowever, may of these
limits must come from subjective opinion, which
necessitates a strong consensus among a team
comprised, n part, of the operators, the regulators, the
manufacturers, ral gowernment research agencies.
Presently, efforts are underwayo tgather the
information needed ¢ define an initial candidate

issue, several experimental and analytical efforts argperational metric using the results of the previous
being conducted to provide a basis for the selection of &mulation studies, th cetification requirements, and

valid aircraft/wake interaction model Key to these
efforts is the developmentnd validation o a wake

opinions of experienced airline pilots.
Government/industry interaction will be used to address

American Institute of Aeronautics and Astronautics



the long-term consensus of a suitable metric, quit@roven o be valuable through nmg years of FAA
possibly involving additional simulation efforts to wake vortex research However, these sensors at
refine and augment the first-order estimates. presentdo nd have tke cgability to operate in
The final hazat definition issie aldresses how precipitation ad have limited rang axd tracking
these wak encounter and terminal area operationalcapabilities. Lidar has the potential for increased range
metrics ae aplied to the whole fleet An initial and tracking capabilities,nd has demonstrated the
assessment was provided by Stuever and Greefiee  capability b detect and measure voxteelocity fields
solution to this problem iV li kely dep@&d onseveral in clear air However, lidar capability in rain and fog
analyticd techniques which consider the "correctness'has not bee demonstrated. Finally, radar has the
of a given aircraft model for the size/weight of aircraftpotential for all weather capability, but has not yet
it represents, th acarag/ of the predicted encounter demonstrated the capability to detect andktnamtices
dynamics, and the likelihood thahe severy of a  using radar systems that have reasonable power outputs
representati@ encounter will approximate the worst and antenna sizesTo address lathese wake vortex
case for a given initial condition. sensor technologies, NASA is planning to conduct a
The oonstituton o the fleet will need d be  series 6 field experiments in conjunction with the
defined and then a representative sample of that fle&tolpe National Transportation System Centértlze
wil need © be area upon through John F. Kennedy International Airport beginning in late
government/industry interactionFrom that sample, a 1996.
data base of suitable fidelity for those representative  Based on the state of readiness and potential of the
aircraft will be developedral ised Presently, a data sensor technologies mentioned above, the NASA
base of some 67 aircraft has been prepared at NASKRangley wake vortex sensoresearch is presently
Langley which will be used to establish the fleetconcentrating oboth lidar and radar technologies.
representation fofollow-on work. Next, the issue of NASA is working with Coherent Technologies,
errors in the data base parameters, differenteata Inc. through a small business innovative research
base parameters among represergadicraft of about contrad¢ to develop a 2 mian dode-pumped Doppler
the same size, and even sensitivity to metrics must bledar.  Coherent Technologies, Inc. has previous
addressed ot determine how robus the hazard experience n developing a5 puse per second, 2
definition must be. A simulation capability is being micron flash lamp-pumped lidar system as remgbtg
implemented at NASA Langley to evaluate theseHannon and Thomséh This flash lamp-pumped
effects as described by Reimer and ViétoyGiven the  system ha siccessfuly detected and measure/ortex
metrics of allowable phtdeviation ad bank angle for velocity fields in a number of different locations. The 2
a satisfactory encounter, very small differences immicron dode-pumped system will hav a greatly
allowable vortex-indua® bank angé can gve increased pulse repetition frequency and should provide
significant differences in the strehgtf a vortex that increasd detection aga ®verage, better capability to

can be encountered. deted¢ in low sign& to ndase mnditions, and increased
definition of velocity fields in the vortices.
Wake Vortex Sensors In order b determine tke expectal performance of

The requirements for a vortex sensor subsystem atbe experimental system and to assis the system
not completgl defined at present because they aredevelopment, extensv wmputer simulations have
driven by currert technology limitations There ae  been conducted. Simulation runs to date have predicted
four broad ranges of technologies under considerationtha the system will successfyll detect, track and
mechanical sensors (such as propeller anemometergjjantify vortices in clear air at sensor offset distances
acoustic sensors, lidar, and rad#t the presentime, of 1 to 3 kilometers. Simulation of detection sensitivity
none of these sensors have demonstrated all of thduring inclement weather and fog are presently
characteristics desired for the vortex sensor subsystemanderway Preliminary results indicate that detection
Mechanical anemometers are used routinely in altange during rainy conditions shdube approximately
weather conditions for a vanebf applications They  equa to the anbient visibility. Detection range in fog
are airrenty being wsed as wake vortex position is more difficult to predict and will be measured during
sensors in field tests being conducted by the FAA. Dueactual field tests Field test results will be used to
to their technical maturity, low cost, and reliability, modify the lidar simulation as necessary ¢okain
these sensorsaccandidates for us @& part of a sensor correlation with actual lidar performance in the field.
package but cannot meet all ofetlmrrent AVOSS Initial efforts toward the development of a radar
senso requirements Acoustic sensors havdso been  senso for wake vortices were motivated by the desire
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for all-weather capability. It was determined thatvortex behavior, quantificatin o aircraft/wake
before dtempting an all-weather design, models forencounter effects (hazhr definition) wake vortex
estimating the clear air reflectivity of vortices would be sensor assessmenhda development, and fidl data
developed ad preliminary field experiments wodlbe  acquisition and systems deploymenfThe dfort is
performed to attempt clear air detection amddlidate  scheduled to culminate in a AVOSS system
and calibrate the modeldn the evert that all-weather demonstration in thgear 2000.

capability is determined ot be unreasonable or

unobtainable, a foul-weather capability abulbe REFERENCES
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